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ABSTRACT 
We present the results of BVRI CCD photometry of the radiogalaxies 3C 31, 3C 66B, and 3C 120, and 
V polarimetry of 3C 120. The photometry of the jet of 3C 66B definitively establishes the synchrotron 
nature of the optical emission. No optical counterpart of the radio counterjet in 3C 66B and of the radio 
jets in 3C 31 and 3C 120 is found. A rotating ring and an ionized region are present, respectively, in 3C 
31 (NGC 383) and its companion galaxy NGC 382, but we find no isophotal distortions which could 
have revealed a gravitational interaction between the two galaxies as is the case in 3C 66B. The elliptical 
isophotes of 3C 120 show a slight off-centering, roughly in the direction of the radio jet, very much like 
3C 66B. We find an upper limit of 20% for the polarization level of the condensations in 3C 120. 
1. INTRODUCTION 
Four optical extragalactic jets are now known to emit 
synchrotron radiation: M87 (Baade 1956), 3C273 (Scarrot 
& Warren-Smith 1987), 3C 66B (Fraix-Burnet et al. 
1989b), and PKS0521-36 (Sparks et al. 1990). Two optical 
knots in 3C 277.3 ( Coma A ) have been found to be polarized 
at the position of two radio knots (Miley et al. 1981). They 
are probably synchrotron even if they are also embedded in 
emission-line regions. Since the lifetime of the electrons re- 
sponsible for this optical synchrotron emission is much 
shorter than their travel time from the galactic center to the 
end of the jet, in situ reacceleration of the electrons has been 
invoked. First-order Fermi acceleration (diffusion of the 
electrons on Alfvén waves around hydrodynamic shocks in- 
side the jet ) is certainly the most successful process proposed 
[see reviews by Drury (1983), and Blandford & Eichler 
( 1987) ]. Other explanations are not excluded however, in- 
voking relativistic electrons being created in the jet (Love- 
lace 1987; Michel 1987), electrons propagating inside the 
unmagnetized core of a hollow cylinder as suggested by ob- 
servations of M87 (Owen et al. 1987; Muxlow et al. 1988; 
Fraix-Burnet et al. 1989a), or coherent synchrotron emis- 
sion (Baker ei a/. 1988). 
The determination of the most realistic model is especially 
important in the case of extragalactic jets because the deriva- 
tion of apparently very basic parameters, such as the speed of 
propagation, is strongly model dependent. Constraining the 
different parameters is possible only with detailed photome- 
try. For instance, the continuum spectra of the optical jets of 
M87 and 3C 273 have been studied in the context of first- 
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order Fermi acceleration (Keel 1988; Meisenheimer & Hea- 
vens 1986; Fraix-Burnet & Nieto 1988) and this model 
seems to reproduce the observations extremely well. Even if 
the visibility of a jet at optical wavelengths is due to a higher 
level of magnetic turbulence (Fritz 1989; Fraix-Burnet & 
Pelletier 1991 ), we do not yet understand why this occurs in 
a very few jets. Can it be caused by a particular state of the 
insterstellar medium? 
The photometric study of optical extragalactic jets re- 
quires the removal of the galactic background, most general- 
ly by modeling it with elliptical isophotes. The geometric 
and photometric characteristics of the galaxy can thus be 
derived and compared with the characteristics of the radio- 
source. For example, Guthrie (1979), Palimaka et al. 
( 1979), Chambers etal. ( 1987) and McCarthy etal. ( 1987) 
have found that the most distant galaxies (z £ 0.6) have their 
major axis aligned with the radio direction whereas it is per- 
pendicular for closer galaxies. However, in the case of the 3C 
66B, Fraix-Burnet et al. ( 1989b) suggest that this correla- 
tion could be more complex because of strong isophotal 
twists. The optical morphology of the galaxy could be in- 
fluenced by star formation triggered by the radio source 
(Rees 1989), but the outer part of the galaxy could also 
interact with the intergalactic medium. It is generally be- 
lieved that the radio activity is induced by the interaction 
between two galaxies and more probably by their merging 
[see, for example, Heckman et al. ( 1986) ]. It is thus impor- 
tant to search for signs of such encounters in disturbances in 
the morphology and/or photometry of the galaxies having 
radio jets. The comparison of galactic characteristics be- 
tween radio galaxies in which the radio jet does or does not 
have an optical counterpart, may yield a clue to the existence 
of the optical jets: Is their existence linked to any property of 
the parent galaxies? Is it related to the details of the merging 
process? Or is it simply an internal and rare characteristics of 
extragalactic jets? 
With these questions in mind, we undertook the photo- 
metric study of 3C 31, 3C 66B and 3C 120 at several optical 
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563 FRAIX-BURNET ETAL. : RADIO GALAXIES AND THEIR JETS 563 
wavelengths (BVRI), and a polarimetric study of 3C 66B 
[published separately in Fraix-Burnet et al. (1989c)] and 
3C 120. The reasons to the choice of these three targets are 
the following. In the case of 3C 31, the optical jet has been 
detected by Butcher et al. ( 1980), but this detection has not 
been confirmed by Keel (1988) and Fraix-Burnet et al. 
(1991). We were thus interested in establishing more con- 
straining upper limits on the brightness of the optical coun- 
terpart of the radio jet at several optical wavelengths to clar- 
ify the situation. Since the galaxy 3C 31 is part of a chain of 
galaxies, it has very likely experienced an interaction in the 
recent past and one could expect to detect signs of such an 
interaction, especially if it is still under way. The jet of 3C 
66B is the third optical synchrotron jet to be known, and our 
goal was to obtain detailed optical photometry of the jet in 
order to definitively confirm the synchrotron nature re- 
vealed by its polarization (Fraix-Burnet et al. 1989c). We 
know that this galaxy is interacting with its neighbor galaxy. 
In the case of 3C 120, several condensations are present 
throughout the galaxy, but no optical counterpart of the ra- 
dio jet has been confirmed. With photometry and polari- 
metry, we intended to look for synchrotron emission in these 
condensations. The properties of 3C 120 make it likely that it 
is a recent merger (Heckman et al. 1986). The observations 
and the reduction procedures are presented in Sec. 2. The 
results on each galaxy are described in Secs. 3 (3C 31), 
4 (3C 66B), and 5 (3C 120). The conclusion is in Sec. 6. 
Throughout this paper we will assume H0 = 100 
km s - VMpc. 
2. OBSERVATIONS AND REDUCTION PROCEDURES 
The observations (described in Table 1 ) were obtained in 
December 1987 (imaging) and November 1988 (polariza- 
tion) with the 2 m telescope at the Pic-du-Midi Observatory. 
Table 1. Observational material. The polarizing filters have the following 
P.A.: PI = 6o, P2 = 141°, P3 = 96°, and P4 = 51°. 
Source Date Filter Exp. time FWHM 
(min.) (”) 
3C 66B 1987 December 26 
1987 December 27 
1987 December 28 
1987 December 29 
3C 31 1987 December 27 
1987 December 28 
3C 120 1987 December 26 
1987 December 27 
1987 December 28 
1988 November 3 
1988 November 4 
1988 November 5 
R 11,30 1.2,1.2 
I 15,30 1.2,1.2 
V 15,30 1.4,1.5 
B 20 1.5 
B 35 1.0 
R 15 1.0 
B 15 1.1 
I 15,30 1.0,1.0 
V 30 1.1 
V 15,30 1.2,1.0 
R 15,30 1.6,1.4 
B 15,30 1.6,0.9 
I 15 0.8 
PI V 45 1.4 
P2 V 45 1.3 
P3 V 45 1.5 
P4 V 45 1.7 
PI V 60 1.1 
P2 V 60 1.1 
P3 V 60 1.1 
P4 V 60 1.2 
We used a RCA2 CCD camera with /, Ä, F, and B filters and 
the scale is 0.324"/pixel. The seeing (FWHM measured on 
several stars on each frame) was between 0.8 and 1.6". The 
polarization data used for 3C 120 were obtained with a po- 
larizing filter and consists of two sets (45 and 60 min expo- 
sure times) of four orientations set 45° apart (Table 1 ), as in 
Fraix-Burnet et al. ( 1989c). 
The calibration of the data was obtained using published 
profiles of galaxies that we observed during the same nights. 
This calibration was confirmed using the star to the east of 
3C 120 and found very good agreement in V and B with 
Lelièvre (1976), but there seems to be a systematic differ- 
ence of 0.15 mag with the values given by Moles et al. 
(1988). We estimate the error on the calibration to be 0.1 
mag. 
The galactic backgrounds were fitted with an elliptical 
model using a software developed by Prugniel ( 1989 ) for 3C 
66B, and by Jedrzejewski ( 1987) for 3C 31 and 3C 120. The 
subtraction of the elliptical model from the original image 
makes a jet like that of 3C 66B apparent, but partly removes 
a dust ring such as the one present at the center of 3C 31 
( Butcher et al. 1980). For 3C 66B we modeled only the inner 
10" center of the galaxy [comprising the known optical jet as 
observed by Fraix-Burnet et al. ( 1989b) ], because the com- 
panion galaxy and the star (see Sec. 4) disturb the model of 
the whole galaxy and leave some artifacts at the very center. 
In the case of 3C 120, saturation effects lead us to exclude the 
inner 2" in the fitting process in the F, R, and / bands. The 
error bars on the intensity profiles of the galaxies is always 
smaller than 0.05 mag. 
In all cases, the intensities of individual components were 
measured within rectangles matching as closely as possible 
the extension of the component. The areas of the rectangles 
are given in Tables 2, 3, and 5. The uncertainty on the inten- 
sities was estimated from several rectangles of identical areas 
around the components. The errors listed in Tables 2, 3, and 
5 thus represent the uncertainty on the measurement after 
subtraction of the galaxy background model and do not take 
into account uncertainties due to calibration. 
3. 3C31 (NGC 383) 
This galaxy, classified as SO (Arp 1968), belongs to a 
chain of bright galaxies (Arp & Bertola 1971; Kormendy & 
Bahcall 1974). It has a companion (NGC 382) at 33" to the 
SW. Owen et al. ( 1990) have found an extended emission- 
line region consistent with a rotating disk centered on the 
nucleus initially reported by Butcher et al. ( 1980) as a dust 
ring. We shall identify the two structures as a “rotating ring” 
(see Sec. 5.7). 
At radio wavelengths, 3C 31 shows a remarkable symmet- 
ric edge-darkened double-source structure with two strong 
jets (Burch 1977, 1979; Fomalont et al. 1980; van Breugel 
1982), interpreted as due to a tidal interaction of two galax- 
ies (Blandford & Icke 1978). The optical counterpart of the 
northern radio jet has been detected by Butcher et al. ( 1980) 
with an integrated blue flux density of 6.2//Jy {B = 22.\). 
However, neither Keel (1988) in the 5 band or Fraix-Burnet 
et al. ( 1991 ) in the U band confirmed that detection. Keel 
estimated the blue flux density to be at least 2.6 times fainter 
than that reported by Butcher ei 0/. ( 1980 ). The discrepancy 
between these observations may be in part due to the exis- 
tence of the rotating ring that Butcher et al. (1980) removed 
from their data by a symmetrization method (noting that the 
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axis of symmetry of the rotating ring matches the minor axis 
of the galaxy) before being able to reveal the jet. A more 
direct technique is to remove the galaxy component by ad- 
justing elliptical isophotes, a method used by Keel (1988) 
and Fraix-Burnet et al. ( 1991 ) as well as in this paper. 
The isophotal contours before and after the subtraction of 
the elliptical models of 3C 31 and NGC 382 are shown in 
Fig. 1 in the Fband. The profile and the characteristics of the 
elliptical models of both galaxies are plotted in Fig. 2 in the 
four bands. 
3.1 The Galaxy (NGC 383) 
We find no off-centering of the galaxy isophotes and the 
ellipticity is always between 0.1 and 0.2. 
There seems to be a slight isophotal twist because the posi- 
tion angle of the major axis of the stellar distribution de- 
creases from —150 — 160° in the inner 3" to 142° outwards. 
It is interesting to note that the radio axis has P.A. = 160°. 
This situation is similar to the case of 3C 66B (Fraix-Burnet 
et al. 1989b, and Sec. 4.1) and confirms the fact that the 
correlation between the stellar distribution and the radio ori- 
entation could be more complex than generally thought 
(Guthrie 1979; Palimaka etal. 1979; Chambers et al. 1987; 
Mc Carthy et al. 1987; Rees 1989). 
The subtraction of the elliptical model of the galactic 
background (Fig. 1) reveals the residuals of the rotating 
ring. The radius ( ^ 3.7" or 880 pc) and the position angle 
Fig. 1. 30 min Vexposure (in all the frames shown in this paper, N is up and 
E to the left), (a) Isophotal contour of 3C 31 (NGC 383) and its southern 
companion NGC 382. (b) Center of 3C 31 after removal of the elliptical 
model. The contour levels increase from 0.5 ¿¿Jy/ 2 by intervals of 2.4 
/¿ly/ 2, (c) Center of NGC 382 after removal of the elliptical model. The 
contour levels increase from 0.5 /zJy/ 2 by intervals of 4.8 /xJy/”2. 
(-il350) of its major axis, deduced from the residuals 
(which are positive whereas the ring is seen in absorption on 
the original image), match very well those found by Butcher 
etal. ( 1980) and Owen etal. ( 1990). Assuming the rotating 
ring is circular, we derive from its axis ratio a ^40° inclina- 
tion with respect to the plane of the sky. Although the fit 
with elliptical isophotes could slightly modify the apparent 
asymmetry of the rotating ring, visual inspection of the re- 
siduals seems to indicate that the SW side is pointing toward 
us. This is confirmed by the division of the original V image 
by the / image: The SW side is redder ( V/I lower) than the 
NE side, thus the absorbing dust of the ring on the SW is in 
front of the galaxy. 
The profiles of the galaxy are extremely similar in the four 
bands (Fig. 2), with^ — R decreasing from 1.8 to 1.6. V — I 
is roughly constant (1.1), except for a slightly redder 
(V— I = 1.2) region at 2". In the SW part of the ring we 
find V— /~ 1.7 and i? — Ä ~ 1.8. These colors are in agree- 
ment with typical values for elliptical galaxies. 
3.2 NGC 382 
We see no distortion in the isophotes of this galaxy (Fig. 
2) so that there is apparently no gravitational interaction 
with NGC 383. Note that the inner 4" of the / image have 
been disregarded because of saturation effects due to an ex- 
tremely bright core at these wavelengths (at least 8 times 
brighter than in V and R ). The color of the galaxy shows a 
rather constant B — R = \.l, and a slightly decreasing 
V— I from 0.8 to 0.5. 
Incidentally, Fraix-Burnet et al. ( 1991 ) noticed a “jetlike 
structure” (Fig. 1 ) in the companion galaxy NGC 382, not- 
ing that it is certainly not a synchrotron jet because no radio 
emission is associated with it (Strom etal. 1983). Our pho- 
tometry (Table 2) reveals that the optical spectrum does not 
have the characteristics of a synchrotron spectrum. This 
structure is very probably an ionized gas region. 
3.3 The Jet of 3C 31 
Our data (Fig. 1 ) do not reveal the optical counterpart of 
the northern radio jet seen by Butcher a/. ( 1980). There is 
one structure to the NW which could resemble the feature 
detected by Butcher etal. ( 1980). However, it does not coin- 
cide perfectly with the radio jet (P.A. of 350° instead of340°) 
and it is never significantly above the background noise in 
the four exposures. It certainly belongs to the rotating ring as 
can be guessed by looking for example at the opposite side of 
the ring where one can see similar noisy structures. Given 
the total B intensity ( about 6//Jy ) that Butcher et al. (1980) 
measured in a jet surface area of about 5 arcsec2, our detec- 
tion limit (about 1.0-1.5 yuJy at 1er) would have allowed us 
to easily detect the jet in the B band, as well as in the three 
other bands if it were a synchrotron jet. This confirms that 
the feature detected by Butcher et al. (1980) is probably an 
artifact due to their symmetrization procedure. 
4. 3C 66B 
The optical galaxy is an elliptical with twisted and off- 
centered isophotes in the U band (Fraix-Burnet et al. 
1989b). 
The radio galaxy shows a distorted double-sided jet struc- 
(a) 
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Fig. 2. Parameters (magnitude per arcsec2, ratio of the semiminor to semimajor axes, the position angle of the major axis, and the position of the center of 
the ellipse, all distances being in arcsec) of the elliptical models of 3C 31 and NGC 382. The four bands are shown: 7(<¡)),R (X), V{ + ),andif (Dj.The 
radius R is in arcsec as well as the coordinates (x,y) of the ellipse center (the origin corresponds to the brightest pixel). 
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Table 2. Intensities in //Jy of the knot in NGC 382 integrated in a 1 arcsec2 
area. 
B V R I 
12.? ±0.7 19.9 ±0.4 18.3 ±0.4 9.1 ±0.7 
ture with two elongated lobes or tails. It has been studied at 
different wavelengths and different resolutions (Northover 
1973; Leahy et al. 1986). Like the jets in M87 and 3C 273, 
there is an indication that the jet emits also x rays (Maccagni 
& Tarenghi 1981). 
In 1980, Butcher et al. found the optical counterpart of the 
northern radio jet, and this was confirmed by Keel ( 1988). 
Fraix-Burnet et al. (1989b) showed that it consists of five 
knots in very good coincidence with the radio knots. The 
optical emission of the four external knots is indeed polar- 
ized (Fraix-Burnet et al. 1989c). This indicates a synchro- 
tron nature for these four optical knots and thus confirms 
their association with the radio jet. The knot closest to the 
nucleus is thought to be superposed onto a nonsynchrotron 
knot (Fraix-Burnet et al. 1989c), probably related to the 
very faint extended Ha emission nearly perpendicular to the 
jet found by Butcher et al. (1980). 
4.1 The Galaxy 
The galaxy and its companion are shown in the / band on 
Fig. 3. Butcher et al. (1980) and Keel (1988) noticed that 
the galaxy isophotes of 3C 66B are distorted and that their 
centers are shifted to the NE, as can be readily seen on Fig. 3. 
Fraix-Burnet et al. ( 1989b) quantified these results in the U 
band and found also strong isophotal twists and off-center- 
Fig. 3. Isophotal contours of 3C 66B and its southern companion 
galaxy in the / band. 
ings. Figure 4(a) extends this result to larger distances be- 
cause the extension of the galaxy is smaller in the U band 
than in the B, V,B, or /band. The parameters of the elliptical 
model are shown only for the data with the longest exposure 
time in each band. All four bands agree very well, except in 
the inner region where difficulties in the model appear be- 
cause of the companion galaxy and the star. Unfortunately, 
some caution has to be taken with the photometric param- 
eters because a very bright star situated to the north of 3C 
66B and just outside our CCD frame created a significant 
amount of diffused light. The B — R decreases from 1.1 to 
O. 5 while V — / increases from 1.8 to 2.2 outwards. This is 
not consistent with typical values for elliptical galaxies and 
with the photoelectric photometry of Keel ( 1988). We be- 
lieve that this is the result of the diffused light from the bright 
star because the colors are closer to typical values at the 
center of the galaxy and on the shortest exposures. It is diffi- 
cult to estimate to which extent the strong color gradient is 
real. We confirm the strong isophotal twist of 50o-60° at a 
radius of about 4.5": the outer isophotes are perpendicular to 
the jet and the inner isophotes are within 20° of it. The off- 
centering is also present and increases up to about 3" with 
increasing radius (up to about 20") toward P.A.~70°. 
Fraix-Burnet et al. (1989b) found a 1.7" off-centering to- 
ward P.A.^350 for radius between 2.1" and 6.9" and 
P. A.~0° up to about 13". We find however that their data 
are consistent with P.A. ^70° up to a radius of 5". The dis- 
crepancy outward can then be explained by galaxies being 
much more extended in the /?, V,Rt and / bands ( at least 33 " 
for 3C 66B) than in the C/band ( 13"): In our case, the 
isophotes between radius ^6" and —20" are better defined, 
but there may be also some influence of the more extended 
companion galaxy. The diffused light of the bright star is 
also probably to blame for a part of this discrepancy. 
The companion galaxy shows the same isophotal distor- 
tions [Fig. 4(b) ], but the P.A. of the off-centering is about 
260°, i.e., in the opposite direction of that for 3C 66B. This is 
interpreted as the signature of a gravitational interaction be- 
tween the two galaxies (see, e.g., Davoust & Prugniel 1988). 
The B — R decreases from 0.9 to 0.5 and V — / strongly de- 
creases from 1.8 to 0.7 outwards. We believe that these val- 
ues are significantly affected by the diffused light from the 
bright star. 
4.2 The Jet 
We show the jet in the four bands and for the longest 
exposures in Fig. 5. In all the data, we can recognize the five 
knots found by Fraix-Burnet etal. ( 1989b) named A-E out- 
wards. Note that knot A is extremely weak in all four bands. 
We measured the intensity of each knot (Table 3) by inte- 
grating within rectangles at the position of the knots as given 
by Fraix-Burnet et al. (1989b). The size of the rectangles 
was adjusted to the apparent extension of the knots, but since 
the external contour of the jet is not well defined, there is a 
slight uncertainty on this measurement. (Note that the pho- 
tometry of the jet is not affected by the diffused light of the 
bright star because all the background light has been re- 
moved by the subtraction of the elliptical model. ) We plot in 
Fig. 6 the spectrum of each knot from the radio to the near 
ultraviolet, using the Uintensity given by Fraix-Burnet et al. 
(1989b) and the radio intensity derived from Leahy et al. 
( 1986 ). As mentioned by these authors, there is a calibration 
problem in the radio map for knots D and E. Figure 6 clearly 
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Fig. 4. (a) Parameters of the elliptical model of 3C 66B and (b) its companion galaxy. Same as Fig. 2. 
© American Astronomical Society • Provided by the NASA Astrophysics Data System 
19
91
AJ
 
 
10
2.
 
.
56
2F
 
568 FRAIX-BURNET ETAL. : RADIO GALAXIES AND THEIR JETS 568 
Fig. 5. The jet of 3C 66B for the longest exposure in each band after subtraction of a model of the inner 10" of the galaxy. The position of the knots indicated 
are those found in Fraix-Burnet et al. ( 1989). A cross indicates the position of the brightest pixel of the galaxy. 
shows that the cutoff frequency of the synchrotron spectrum 
is in the optical, the spectrum being slightly flatter in knot B. 
Figure 5 also confirms the doubt raised in Fraix-Burnet et al. 
( 1989b) about the nature of knot A. Although error bars are 
larger for this knot, the optical spectrum does not show the 
cutoff shape of the other knots, and there is a clear excess in 
the C/band. Following Fraix-Burnet et al. ( 1989b), one ex- 
planation is that in this knot the synchrotron cutoff is in the 
infrared or at even lower frequencies, and that the optical 
Table 3. Intensities in //Jy of the five knots of the jet in 3C 66B. The 
numbers within parentheses are the areas in arcsec2 of the rectangles 
used for the measurements. 
0.3 ±0.3 (1.7) 
2.0 ±0.4 (3.1) 
3.8 ±0.7 (4.4) 
1.8 ±0.4 (2.0) 
1.3 ±0.4 (2.1) 
-0.2 ±0.0 (3.1) 
3.9 ±0.9 (4.4) 
4.9 ±0.9 (4.4) 
3.9 ±0.0 (3.1) 
4.4 ±0.8 (3.8) 
1.8 ±0.5 (2.5) 
8.8 ±0.9 (5.0) 
6.5 ±0.7 (3.7) 
4.9 ±0.8 (4.2) 
8.2 ±1.0 (5.9) 
1.4 ±0.7 (2.0) 
13.2 ±1.3 (5.9) 
5.9 ±0.6 (2.9) 
0.0 ±1.0 (4.2) 
7.0 ±1.3 (5.9) 
Fig. 6. Continuum spectrum of the five knots of the 3C 66B jet. For clarity, 
the spectrum of each knot has been scaled as follows: BxlO, CxlO2, 
Dx 10\ EX 104. The intensities are in /¿Jy and the frequencies in Hz. The 
radio intensity is from Leahy etal. ( 1986) and the Uone from Fraix-Burnet 
et al. (1989). 
© American Astronomical Society • Provided by the NASA Astrophysics Data System 
19
91
AJ
 
 
10
2.
 
.
56
2F
 
569 FRAIX-BURNET ETAL. : RADIO GALAXIES AND THEIR JETS 569 
5" 
Fig. 7. Isophotal contour of 3C 120 in the Fband. 
(especially in the i/band) emission is due to overlapping 
star forming or ionized gas regions. 
We do not detect any optical counterpart to the radio 
counterjet (SW) that can be seen on the 4885 MHz map of 
Leahy et al. ( 1986). We estimate the radio-to-optical spec- 
tral index (arad _ opt ) between 4885 MHz and the /band and 
we find that the derived lower limit («rad-opt ~0.75 at the 
2a level) is not significantly higher than that of the knots of 
the NE optical jet (i.e., between 0.60 and 0.75). Therefore 
more sensitive observations, by a factor of about 10 at least, 
would be required to detect the counterjet in the optical 
band. 
Our data do not reveal the dust lane suggested by Fraix- 
Burnet et al. ( 1989b), but this is probably due to the lower 
spatial resolution and to the longer wavelengths of our obser- 
vations. 
5. 3C 120 
At optical wavelengths, the galaxy is described as an early 
type spiral harboring a quasar of moderate luminosity (Arp 
1975; Moles etal. 1988). Several emission-line structures are 
present throughout the nebulosity, and Axon et al. (1989) 
found evidence for a direct interaction of the jet with the 
interstellar medium. 
The radio structure is a remarkable example of jet curva- 
ture from the VLBI scale of 0.5 pc up to 400 kiloparsec 
(Walker etal. 1987). It is also the nearest one-sided radio jet 
showing superluminal motions, and Walker et al. (1988) 
have found the first indication for a superluminal motion at 
the kiloparsec scale. 
Although there are a lot of emission condensations in the 
galaxy, no optical continuum emission has been found at the 
position of the radio knots. The only continuum knot is lo- 
cated 1 " ( c- 500 pc) north of the first radio knot and has no 
significant polarization (Soubeyran ei a/. 1989). 
5.1 The Galaxy 
The isophotal contour of the galaxy is shown in Fig. 7 ip 
the F band. The profile and the parameters of the model in 
the four bands are shown in Fig. 8. The profile follows an rx/A 
24 
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Fig. 8. Same as Fig. 2 for 3C 120. 
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law very well in /, R, and F, but we see the “quasar” contri- 
bution at the center ( < 2" ) of the galaxy on the B profile. 
This matches the previous descriptions of this object. The 
2? — Ä is constant ( c-1.7), while V — /increases from 0.7 to 
1.3 outwards. 
The position angle of the major axis is about 115° for a 
radius larger than about 3", and is roughly 15° closer to the 
nucleus (the radio jet has roughly P.A.~90° in the inner 
-- 8 " ). The ellipticity decreases from 0.1 at the center to zero 
at 2.5", and then increases regularly to 0.35 at 18" the maxi- 
mum radius of the fit, with no significant deviations from 
ellipticity. We note also a ~ 1 " shift of the center of the iso- 
photes toward the NW. These characteristics are in good 
agreement with the results by Moles et al ( 1988). 
Note that we adjusted an elliptical model to this early type 
spiral galaxy, but the derived parameters are rather consis- 
tent with those of a true elliptical galaxy. This certainly ex- 
plains the long controversy about its classification as an el- 
liptical or a spiral (see, e.g., Moles et al 1988). However, 
caution is to be taken in the interpretation of the different 
condensations left after the removal of the elliptical model 
described above. 
5.2 The Condensations 
Figure 9 shows the condensations seen in the four bands 
after subtraction of the elliptical models. The intensities of 
the four condensations A, B, C, and D have been measured 
by Soubeyran et al (\9%9). Because the condensation which 
is just SE of the nucleus is very prominent in the Fband, we 
identify it with the O m emission condensation that they 
named E2. In addition to these condensations, we distin- 
Fig. 9. Center of 3C 120 in the four bands. The contour levels (in /¿Jy/ 2) 
increase from 0.5 by intervals of 0.2 in the R and F bands, from 1.1 by 
intervals of 0.4 in the /band, and from 0.7 by intervals of 0.3 in the B band. 
guish three other ones to the NE of the center. Because the 
most external of them is very prominent in the V band, it 
may correspond to O m emitting condensation E3 of Sou- 
beyran et al ( 1989 ). We call the two other condensations F 
and G. There is also another condensation to the South we 
call H. The position of all the condensations is reported in 
Table 4 and the intensities of some of the condensations are 
listed in Table 5. We find a discrepancy of about 0.7-1.4 mag 
between the intensities of knots A, B, C, D, and those given 
by Soubeyran et al ( 1989 ) in F and B bands. Since they used 
the calibration of Lelièvre (1976) based on the star at about 
20" to the east of 3C 120 and since our calibration gives F 
and B magnitudes for this star within the error bars of Leli- 
èvre ( < 0.09 mag), we conclude that this discrepancy is due 
to the different areas used to measure the intensities of the 
condensations (smaller in our case by a factor ~4), to the 
lower signal-to-noise ratio and to the slighty better resolu- 
tion of our data. We note also that the removal of the galactic 
background is not easy in this galaxy with a strong photo- 
metric gradient and numerous condensations, and that 
slight over or undersubtraction is possible in the two differ- 
ent techniques used by Soubeyran et al ( 1989) and in this 
paper. 
Condensation A is very bright in the B band, hence exlud- 
ing that it is a pure synchrotron condensation. By comparing 
the intensities of the other condensations (Table 5) with 
those of the synchrotron knots of the 3C 66B jet (Table 3), 
we conclude that they are not pure synchrotron condensa- 
tion. However, we cannot definitively rule out a synchrotron 
optical emission for condensation B, although it is not obvi- 
ously related to the radio jet and has no radio counterpart. 
Unfortunately, the spectroscopic slit (P.A. = 33°) of 
Moles et al(\9%%) misses all the condensations that we have 
identified, except maybe for the western edge of condensa- 
tion G. Their result could indicate that this is an H n region. 
In addition they suggest that there is an outgoing very active 
star formation in this galaxy, and that “the extended emis- 
sion regions could be gaz photoionized by hot, newly pro- 
duced stars all over the galaxy.” This may well be the nature 
of all the condensations that we find in this galaxy. 
5.3 Polarization 
We have carried out polarization observations (see Table 
1 ) on this galaxy to look for a synchrotron optical counter- 
part to the radio jet. The intensities (integrated in rectangu- 
lar areas) of each condensations were measured in each of 
the four directions of the polarization filter. We do not find 
any polarization in these condensations above the 20% level. 
To rule out any polarized synchrotron emission would 
require much more sensitive data (by at least an order of 
magnitude) since polarization levels as low as 12% are ob- 
served in M87 (Fraix-Burnet et al. 1989a) and dilution of 
the synchrotron emission in thermal or emission-line radi- 
Table 4. Positions of the condensations in 3C 120 with respect to the center 
of the galaxy. 
ABC ÙE2E3FG H 
r (”) 4.1 7.0 8.0 11.4 3.1 9.2 7.9 4.9 13.9 PA (°) 205 317 130 311 158 49 45 43 178 
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Table 5. Intensities in //Jy of five structures in 3C 120. The numbers 
within parentheses are the areas in arcsec2 of the rectangles used for 
the measurements. 
Knots B V R I 
A 10.4 ±0.6 (4.4) 3.1 ±0.3 (2.5) 2.6 ±0.3 (3.8) 5.9 ±0.6 (3.1) 
B 5.7 ±0.5 (3.1) 6.8 ±0.3 (3.8) 9.4 ±0.4 (5.1) 8.5 ±0.8 (3.7) 
C - 5.6 ±0.3 (3.8) 6.7 ±0.4 (4.4) 9.6 ±0.8 (4.4) 
D 9.5 ±0.5 (3.8) 8.5 ±0.3 (3.7) 12.4 ±0.4 (5.1) 14.1 ±0.9 (5.1) 
E2 2.4 ±0.3 (1.3) 4.5 ±0.3 (2.5) 
E3 - 8.6 ±0.5 (4.4) 5.5 ±0.4 (7.3) 
F - - 4.7 ±0.4 (4.1) 
H 1.7 ±0.4 (1.9) 7.8 ±0.5 (9.1) 6.0 ±0.5 (7.2) 3.7 ±0.6 (2.0) 
ation, very likely in this very complex galaxy, would de- 
crease this level significantly. 
6. CONCLUSION 
Our upper limits on the B, V, R, and / intensities of the 
optical counterpart of the radio jet in 3C 31 lead to the con- 
clusion that the optical jet reported by Butcher et al. ( 1980) 
is probably an artifact. 
The photometry of the jet of 3C 66B definitively estab- 
lishes the synchrotron nature of the optical emission. We see 
no optical counterjet in this radio galaxy, but we cannot rule 
out its existence. Further search for this optical counterjet is 
certainly worthwhile because 3C 66B is the only radio galaxy 
with both an optical jet and a double-sided radio jet. The 
differences between jet and counterjet at both radio and opti- 
cal wavelengths will give us an interesting constraint to ex- 
plain the optical emission from radio jets. 
There is no pure synchrotron optical condensations in 3C 
120, so that there is probably no optical counterpart of the 
radio jet. 
A rotating ring and an ionized region are present, respec- 
tively, in 3C 31 and its companion galaxy NGC 382, but we 
find no clear sign of a gravitational interaction between the 
two galaxies as it is the case in 3C 66B. 
While isophotal twists in 3C 31 and 3C 66B suggest that 
studies of the correlation between optical major and radio 
axes should consider the evolution with distance from the 
nucleus, the elliptical isophotes of 3C 66B and 3C 120 show 
an offcentering roughly in the direction of the radio jet. 
Whereas one could explain the one sidedness of the jet of 
3C 120 by relativistic aberration (even though this interpre- 
tation is certainly not universal, and runs into difficulties in 
3C 120 where the radio jet is so much bent), it seems harder 
to understand why only the jet of 3C 66B emits optical 
synchrotron light. This question is probably far from being 
solved because detailed studies of parent galaxies as present- 
ed in this paper do not give clear clues and the small number 
of optical jets makes statistical studies hopeless to reveal sub- 
tle trends. 
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